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Abstract 
The corrosion inhibition of rice husk extract for bio-corrosion in mild steel in 1 M of H2SO4 solution and 
the effect of adding potassium iodide were investigated using the weight-loss method with a variable 
solution temperature and various bio-inhibitor concentrations. The addition of potassium iodide can 
significantly increase the efficiency of rice husk extract. The highest efficiency is 95.89% at 1,250 ppm 
of inhibitor concentration at a temperature of 313 K. The inhibition efficiency of rice husk extract is 
synergistically increased with the addition of potassium iodide. The characteristics of the adsorption 
inhibitors were assessed using the Langmuir isotherm adsorption approach at all studied concentra-
tions and temperatures. The synergy of rice husk extract and potassium iodide was examined using 
thermodynamic and kinetic parameters. Copyright © 2019 BCREC Group. All rights reserved 
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1. Introduction 
The corrosion of metals, which is deteriora-
tion due to interaction with the environment, is 
a natural event, and it has an effect on mainte-
nance and repair costs in the industry [1]. Fac-
tors that can cause corrosion include tempera-
ture, solution concentration, pH, flow rate, and 
so on; therefore, it is necessary to protect the 
metal so that corrosion can be minimized. The 
use of acidic solutions is extensive in the indus-
try (e.g. acid cleaning, acid descaling, acid pick-
ling and oil-well acidizing), which requires cor-
rosion inhibitors that aim to withstand corro-
sion on metal materials [2]. The use of bio-
corrosion inhibitors continues to be developed 
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because it has the advantage of being biode-
gradable and does not contain heavy metals or 
other toxic compounds. 
Rice husk is considered one of the most im-
portant agricultural wastes, and a great amount 
of research has been conducted on its use in var-
ious fields. It has a high silica content, which is 
a good advantage, especially for bio-corrosion in-
hibitors [3]. Rice husk extract (RHE) has the po-
tential to be developed into a bio-corrosion in-
hibitor [4,5] and contains amorphous silica, 
which is safe and environmentally friendly.  
Recently, researchers have been paying more 
attention to mixed inhibitors because of their 
synergistic effects. The effect of the inhibitor 
mixture is better than the single inhibitor effect. 
Further, several authors have reported that hal-
ide (Iˉ) ions, which are known to stimulate and 
inhibit corrosion in acid solutions, can provide 
their own effective protection or can be com-
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bined with other inhibitors for mild steel in 
acidic solutions [6-8]. The addition of halide 
ions to sulphuric acid solutions containing or-
ganic inhibitors has been found to stabilize or-
ganic cation adsorption, which leads to an in-
crease in inhibition efficiency. The synergistic 
effect of halides has been observed to increase 
in the order of Clˉ < Brˉ < Iˉ. Because of its 
large size and ease of polarization, iodide (Iˉ) 
shows the highest synergistic effect [9]. 
Based on the results of the study, the addi-
tion of halide compounds promotes synergy, 
which affects the increase in the efficiency of 
corrosion inhibitors. The purpose this paper is 
to study the synergistic corrosion inhibition be-
tween RHE and KI (iodide ion) for mild steel 
corrosion in 1 M of H2SO4 solution. 
 
2. Materials and Methods 
2.1 Material Preparation 
The mild steel used had the following com-
position (wt.%): 0.54 Mn, 0.05 Si, 0.01 S, 0.01 P, 
0.16 C and the remaining portion was Fe. The 
coupon samples were grinded from 250 to 1000 
grit using abrasion paper and were then 
washed with distilled water. They were cleaned 
again with acetone (Merck, 99%) and ethanol 
(Merck, 70%) and, finally, dried using a hot air 
blower. Weight-loss experiments were conduct-
ed on mild steel coupons with the dimensions of 
3 × 2 × 0.5 cm. 
 
2.2 Rice Husk Extract Preparation 
The rice husk was a Ciherang rice husk 
from Cilegon, Banten, Indonesia. The cleaned 
rice husk was dried in the sun for three days. 
Then, 100 g of the rice husk were burnt at 700 
°C for two hours to isolate the silica and elimi-
nate other substances. The burning resulted in 
white ash, which was then sieved with a size 60 
mesh. The rice husk ash was weighed at 10 g 
and extracted by reflux at a temperature of 85 
°C using 1 M of NaOH (pellets pure Emplura®, 
97%) solvent for one hour. The extract was fil-
tered to separate the residue and the filtrate. 
Furthermore, the filtrate was neutralised with 
1 M of HCl (Sigma Aldrich, 37%) by maintain-
ing a pH of 6.5 to 7. Following this, the filtrate 
was deposited for 18 hours until a gel formed 
and when then filtered and dried at a tempera-
ture of 105 °C until reaching a constant weight. 
 
2.3 Weight-loss Measurements 
The cleaned and weighed samples of mild 
steel were immersed in corrosive media (i.e. 1 
M of H2SO4 (Sigma Aldrich, 99.95%) and bio-
inhibitors of RHE with concentrations of 0.250, 
500, 750, 1000, and 1250 ppm. The KI (Sigma 
Aldrich, 99%) concentration was 50 ppm for 6 
hours at temperatures of 313K, 333K, and 
353K. After measurement, the sample was 
cleaned with running water, dried and weighed 
to find the final mass. This procedure was per-
formed according to NACE Recommended 
Practice RP-0775 and ASTM G-1 and G-4 for a 
weight-loss experiment. The experiment was 
conducted on each coupon with the same condi-
tions, which aimed at the reliability and repro-
ducibility of the measurements. 
 
2.4 Electrochemical Measurement 
The mild steel was sealed with epoxy resin 
in such a way that only one square of the sur-
face area was left uncovered. The exposed sur-
face was degreased with acetone, rinsed with 
distilled water and dried in warm air. Electro-
chemical measurements were performed in a 
cell containing a three-electrode assembly us-
ing Auto Lab model PGSTATx potenti-
ostat/galvanostat, controlled by NOVA 1.1 soft-
ware. In addition to the working electrode, a 
saturated calomel electrode and a platinum 
electrode were used as the reference and coun-
ter electrodes, respectively. For electrochemical 
measurements, the specimens were embedded 
in epoxy resin, leaving a working area of 1 cm2. 
At the beginning of the tests, the working elec-
trode was immersed in 1 M of H2SO4 for one 
hour to obtain a stabilised open-circuit poten-
tial. The Tafel potentiodynamic curves were 
recorded from -250 to +250 mV at a scan rate 
of 1 mVs-1 after a steady state of 30 minutes at 
298 K. 
 
2.5 Surface Analysis 
 After immersing the pre-treated mild steel 
samples in 1 M of H2SO4 solution with and 
without 1250 ppm of RHE for two hours at the 
temperatures of 313K, 333K, and 353K, the 
surfaces of the mild steel samples were rinsed 
with Aqua Dest distilled water and ethanol 
and were then dried. The scanning electron mi-
croscope (SEM) energy dispersive X-ray (EDX) 
(Tescan Vega 3 LMU type) images of the sur-
face morphologies of the samples were then 
taken. 
 
3. Results and Discussion 
3.1 Potentiodynamic Polarisation Measure-
ments 
The potentiodynamic polarisation method is 
used to determine the mild steel behaviour 
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based on potential relationships and anod-
ic/cathodic currents. If the metal interacts with 
a corrosive solution, then reduction and oxida-
tion reactions can occur simultaneously on the 
mild steel surface. Mild steel corrosion occurs 
when there is an anodic current of the same 
magnitude as the cathodic current. 
Figure 1 is a potentiodynamic polarisation 
curve of 1 M of H2SO4 media with and without 
inhibitors (RHE and KI). From the measure-
ment of potentiodynamic polarisation, the rela-
tionship between E (V) and I (A.cm-2) is ob-
tained, where E is the potential and I is the 
current. Potentiodynamic polarisation curves 
show interaction interface solutions with elec-
trodes, which provide a certain polarisation 
and current. The potentiodynamic polarisation 
curve was extrapolated using the Tafel method 
to determine the corrosion inhibitory flow effi-
ciency (IE%, including Icorr and Ecorr; Table 1). 
There are no definite trends observed in Ecorr 
values in the presence of different concentra-
tions of inhibitors. The shift in Ecorr values is in 
the range of 4 to 20 mV, suggesting that it is a 
mixed type of inhibitor. The percentage of inhi-
bition efficiency (IE%) is calculated using the 
following equation: 
 
(1) 
 
where Icorr(0) is the corrosion current density 
without the addition of inhibitors (mA.cm-2) 
and Icorr(i) is the corrosion current density with 
the addition of inhibitors (mA.cm-2). 
 
3.2 Weight-loss Measurements 
The corrosion of mild steel in 1 M of H2SO4 
in the RHE-KI mixtures was investigated at 
the temperature range of 313 to 353K using 
weight-loss measurements. The calculated val-
ues of the corrosion rate (mmpy), inhibition ef-
ficiency (IE%) and surface coverage (θ) for mild 
steel corrosion in 1 M of H2SO4 (blank) and the 
presence of RHE-KI in combination with differ-
ent concentrations of RHE (i.e. 250, 500, 750, 
1000, and 1250 ppm) and 50 ppm of KI at 313 
to 353K from the weight-loss measurement are 
shown in Table 1. The corrosion rate, inhibition 
efficiency and surface coverage were evaluated 
using the following ASTM G31 standard equa-
tions: 
 
(2) 
 
where CR is the corrosion rate (mmpy), ΔW is 
the weight loss (g), A is the coupon area (cm2), 
 is the density of mild steel (g/cm3) and t is the 
immersion time (hours). 
 
(3) 
 
 
(4) 
Figure 1. Potentiodynamic polarization curves for mild steel corrosion in the absence and presence 
of different concentration of RHE-KI 
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where CRinh and CRblank are the corrosion rate 
with and without the inhibitor, IE% is the per-
centage of inhibition efficiency and θ is the cov-
erage surface. 
The results shown in Table 1 indicate that 
the corrosion rate increased with the increasing 
temperature for all concentrations. The highest 
corrosion rate (813.89 mmpy) was obtained at 
353K. Based on the corrosion rate and efficien-
cy of inhibition, RHE and KI have the ability to 
significantly inhibit the corrosion rate in an 
acidic environment. The efficiency increased 
with an increasing inhibitor concentration and 
decreased with an increasing temperature. The 
decrease in the efficiency of inhibition with an 
increasing temperature showed an increase in 
the solubility of the film and any corrosion 
product deposited on the metal surface.  
Previous researchers have also found results 
like these with various plant extracts [10-13]. 
One of the possible mechanisms of corrosion in-
hibition is the adsorption inhibitor on the met-
al surface that blocks the corrosion process. 
Heteroatoms such as oxygen, nitrogen, phos-
phorus, and sulphur enable the adsorption pro-
cess because they are considered the adsorp-
tion centre [14,15]. In the RHE structure, oxy-
gen and sulphur atoms have free electron pairs 
and phi electrons. The compound could be ad-
sorbed because of the interaction between the 
free electron pairs of oxygen and sulphur at the 
mild steel surface. This process occurs due to 
the presence of the d-vacant orbital of iron as a 
result of iron being a transition metal. Proto-
nated species formation occurred due to the 
electrostatic interaction between organic mole-
cules and the metal surface. 
 
3.3 Adsorption Consideration 
On the surface of mild steel, the trend in in-
hibition efficiency for RHE and KI was to de-
crease with an increase in temperature. Ad-
Concentration, 
ppm 
Corrosion rate (mmpy), Inhibition efficiency (%) and degree of surface coverage (θ) 
       313 K        333 K          353 K 
CR %E.I θ   CR %E.I θ   CR %E.I θ 
Blank 575.7 0 0   706.69 0 0   813.89 0 0 
250 RHE 222.01 61.44 0.61   326.64 53.78 0.54   546.38 32.87 0.33 
500 RHE 202.12 64.49 0.64   296.13 58.09 0.58   492.63 39.47 0.39 
750 RHE 186.25 67.65 0.66   283.27 59.92 0.59   482.84 40.68 0.41 
1000 RHE 175.52 69.51 0.7   282.22 60.06 0.6   459.27 43.57 0.44 
1250 RHE 171.6 70.2 0.7   259.8 63.2 0.63   416.7 63.2 0.63 
250 RHE + 50 KI 191.6 66.72 0.67   313.86 55.59 0.56   527.01 35.25 0.35 
500 RHE + 50 KI 178.13 69.06 0.69   243.24 65.58 0.66   461.98 43.24 0.43 
750 RHE + 50 KI 162.04 71.85 0.72   190.21 73.08 0.73   401.07 50.72 0.51 
1000 RHE + 50 KI 148.66 74.18 0.74   173.18 75.49 0.75   331.6 59.26 0.59 
1250 RHE + 50 KI 121.6 78.88 0.79   161.29 77.18 0.77   280.98 65.48 0.65 
Table 2. Calculated values of corrosion rate (mmpy), Inhibition efficiency (%) and degree of surface 
coverage (θ) for mild steel corrosion in 1 M H2SO4 for different concentration at 313-353 K from 
weight loss measurements.  
Concentration (ppm) 
-a 
 (mV.dec -1 ) 
c 
(mV.dec -1 ) 
-Ecorr 
 (mV) 
Icorr 
mA.cm-2 
IE% 
Blank 127.64 188.96 395.70 59.74 - 
250 RHE + 50 KI 120.88 136.89 404.05 42.42 28.99 
500 RHE + 50 KI 126.55 118.14 406.05 37.03 38.01 
750 RHE + 50 KI 117.64 112.99 400.39 34.93 41.52 
1000 RHE + 50 KI 94.09 63.03 420.22 19.67 67.07 
1250 RHE + 50 KI 81.47 30.06 391.08 14.97 74.94 
Table 1. Potensiodynamic polarization parameters for mild steel in 1 M H2SO4 in the presence of  
different concentrations of RHE + KI 
 Bulletin of Chemical Reaction Engineering & Catalysis, 14 (3), 2019, 701 
Copyright © 2019, BCREC, ISSN 1978-2993 
sorption isotherms provided more information 
in understanding the nature of the interaction 
between inhibitor molecules and the surface of 
metal substrates, therefore, the Langmuir iso-
therm adsorption was used to describe the in-
teraction. The weight-loss method was used to 
obtain the degree of surface coverage (θ). The 
Langmuir adsorption isotherm equation [16] is 
as follows: 
 
(5) 
 
where C is the concentration of the inhibitor 
(ppm), θ is the surface coverage and Kads is the 
adsorption equilibrium constant. The Lang-
muir isotherm assumes that a solid surface has 
a fixed number of adsorption sites and that 
each site has one adsorbed species. To deter-
mine the value of Kads, log C/θ is plotted against 
C, which is shown in Figure 1. 
The value of Kads is obtained from the linear 
results of the plot (C/θ vs C) and shows the 
strength between the adsorbate and adsorbent. 
A greater Kads value indicates that the adsorp-
tion will be efficient and effective. The value of 
Kads from the calculation results is shown in Ta-
ble 3. A higher temperature decreases the Kads 
value, which indicates that the strength be-
tween the adsorbate and adsorbent decreases 
with increasing temperature [17]. 
 
3.4 Kinetics and Thermodynamic Studies 
In an acidic solution, the corrosion rate is 
related to the temperature according to the Ar-
rhenius equation, according to which, the loga-
rithm of the corrosion rate (log CR) is a linear 
function with 1/T [16,18]: 
 
(6) 
 
where CR is the corrosion rate, Ea is the activa-
tion energy (kJ/mol), A is the Arrhenius con-
stant, R is the molar gas constant and T is the 
absolute temperature (K). The activation ener-
gy was determined using the slopes of log CR 
versus the 1/T graph depicted in Figure 2. 
The kinetic parameter of activation energy 
is important for studying the inhibitive mecha-
nism. If the Ea value increases, it can be inter-
preted as a physical adsorption; conversely, if 
the Ea value decreases, chemisorption is possi-
ble. Table 2 shows that the tendency is towards 
chemisorption.  
The free energy of adsorption (ΔGºads) values 
were obtained from the intercept of Figure 1. 
The equation is as follows [19]: 
 
(7) 
 
where R is the gas constant, T is the absolute 
temperature and ∆Gºads is the standard free en-
ergy of adsorption (kJ/mol). 
The calculated value of -∆Gºads can be seen 
in Table 4. It shows that the process takes 
place spontaneously, meaning that the for-
mation of the film layer by RHE and KI on the 
surface of mild steel takes place immediately. 
The value of -∆Gºads ranges from 10.66 kJ/mol 
to 11.243 kJ/mol. 
 
3.5 Surface Analysis 
The surface morphology of mild steel sam-
ples before immersion in the test solution and 
the mild steel samples in 1 M of H2SO4 solution 
Figure 2. Langmuir isotherm for the adsorption 
of RHE+KI on mild steel in 1 M H2SO4 at 313 K, 
333 K and 353 K 
Figure 3. Arrhenius plot for mild steel corro-
sion in 1 M H2SO4 in the absence and present 
RHE and KI 
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K
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Table 3. Kads Values 
Table 4. Activation energy for mild steel in 1 M 
H2SO4 
Table 5. Gºads values 
Table 6. Synergism parameter (S1) for differ-
ent concentration RHE from weight loss meas-
urement at temperature 313 K, 333 K, and 
353 K 
Temperature, K Kads R-square 
313 1.0835 0.99 
333 0.9181 0.99 
353 0.8307 0.99 
Systems/Concentration 
Activation energy, 
Ea (kJ/mol)  
Blank 0.959 
250 ppm RHE +50 ppm KI 2.7906 
500 ppm RHE + 50 ppm KI 2.6115 
750 ppm RHE + 50 ppm KI 2.4685 
1000 ppm RHE + 50 ppm KI 2.1863 
1250 ppm RHE + 50 ppm KI 2.2961 
Temperature, K ΔG ads, kJ/mol 
313 -10.6605 
333 -10.8830 
353 -11.2431 
RHE concen-
trations, ppm 
Synergistic Parameter (S1) 
Temperature, K 
313 333 353 
250 0.86 0.93 0.98 
500 0.82 1.02 0.88 
750 0.89 1.10 0.99 
1000 0.87 1.15 1.12 
1250 1.04 1.32 0.87 
Figure 4. SEM surface morphologies of mild steel before immersed (A), Mild steel after immersed 2 
hours without RHE + KI at 313 K(B), 333 K (C), 353 K (D).  Mild steel after immersed 2 hours with 
RHE + KI at 313 K (E), 333 K (F), 353 K (G) 
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in the absence and presence of RHE-KI after 2 
hours of immersion time at a concentration of 
1250 ppm at temperatures of 313 K, 333 K, and 
353 K were analyzed. Mild steel surfaces that 
are immersed in acidic media in the absence of 
RHE and KI (Figure 4.B-D) show corrosion 
holes, which are defined as high levels of local 
corrosion by the acidic media. These corrosion 
holes were observed not on the surface of the 
substrate, where the extracts were present in 
the H2SO4 solution (Figure 4.E-G). The surface 
morphology of the sample immersed in an acid 
solution containing RHE and KI was observed 
to be very similar in topography to the sub-
strate before being immersed in 1 M of H2SO4 
(4.A) solution. This supports the argument that 
the formation of a protective film by the extract 
on mild steel serves as a barrier that limits the 
degree of corrosion by acid solution. 
 
3.6 Synergistic Effect 
Synergy is the improved effect of the com-
bined action of a compound that has better re-
sults than the individual components. Syner-
gistic inhibition is the most effective way to in-
crease the ability of inhibitors to inhibit corro-
sion and reduce the use of inhibitors in acidic 
media. Synergistic inhibitors work because of 
interactions between inhibitor components or 
interactions between inhibitors and one of the 
ions in aqueous solutions. The use of iodide 
ions is often attributed to the radius of a large 
atom and the high electronegativity and hydro-
phobicity compared to other halide ions [20]. 
The inhibitory efficiency with the addition of 
KI is higher than that using RHE only - the re-
sult of which has been found by previous re-
searchers. The relationship between the effi-
ciency and concentration of each inhibitor add-
ed by KI is shown in Table 2. The mechanism 
of the reaction that occurs in the synergy pro-
cess between RHE and KI can be described as 
follows [21]: 
 
Fe + H2O + Xˉ ↔ (FeXOH)ads + H+ + e- 
(FeOH)ˉads ↔ (FeXOH)+  +  e- 
(FeXOH) + H+ ↔ Fe2+  + Xˉ  + H2O 
 
where X represents Iˉ. 
It is generally accepted that the presence of 
halide ions in acidic media synergistically in-
creases the inhibitory efficiency of some organic 
compounds. Anions can increase the adsorption 
of organic cations in a solution by forming a 
bridge between the metal surface and the posi-
tive end of the organic inhibitor. Synergism of 
corrosion inhibition results from an increase in 
surface coverage arising from the interaction of 
ion pairs between organic cations and anions. 
To further confirm whether there is syner-
gy, we must determine the synergistic parame-
ters to describe the inhibitory behaviour of the 
combination of RHE and KI. In general, for the 
interaction of Inhibitors 1 and 2, the synergism 
(S1) parameter is defined as follows [22]: 
 
(8) 
 
(9) 
 
where θ1 is the surface coverage of KI, θ2 is the 
surface coverage of RHE and θ´1+2 is the surface 
coverage of RHE and KI. If S1 = 1, it means 
that the RHE and KI inhibitors have no effect 
on each other and that they absorb the metal 
interface/solution independently; in addition,  
S1 > 1 indicates that a synergistic effect occurs, 
whereas S1 < 1 means an antagonistic effect oc-
curs. The results of the calculation of the syn-
ergistic effect can be seen in Table 6. At the 
temperature of 313 K, a synergistic effect oc-
curred at the concentration of RHE of 1250 
ppm. At the temperature of 333 K, a synergis-
tic effect occurred starting at concentrations of 
500, 750, 1000, and 1250 ppm. At the tempera-
ture of 353 K, a synergistic effect only occurs at 
a concentration of 1000 ppm. 
 
4. Conclusion 
As a synergistic bio-corrosion inhibitor, 
RHE and KI have been observed as effective 
for the corrosion of mild steel in H2SO4 solu-
tion. The inhibition efficiency increases with 
increasing concentrations of RHE and KI, and 
the addition of KI enhances the inhibition effi-
ciency significantly. The adsorption of RHE 
and KI onto a mild steel surface was a sponta-
neous process. The RHE was synergized via KI 
acting as a mixed-type inhibitor. 
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